To evaluate the association between perceived environmental factors and leisure-time and transport-related physical activity. Methods: A random-digit-dialing telephone cross-sectional survey in Recife, Brazil, was conducted among individuals aged 16 years or older (n = 2046). Leisure-time and transport-related physical activity were measured using the long version of the International Physical Activity Questionnaire. Three outcome variables were used: leisure-time physical activity (min/wk), transport-related physical activity (min/wk), and walking for leisure (min/wk). A cutoff of 150 min/wk was used for all outcome variables. The environmental module of the questionnaire was based on the short version of the Neighborhood Environment Walkability Scale (A-NEWS), and included 12 environmental items. Results: The proportions of subjects reaching the 150-minutes per week threshold were 30.6% for leisure-time physical activity, 26.6% for transport-related physical activity and 18.2% for walking for leisure. Lack of sidewalks and low access to recreational facilities were associated with a lower likelihood of performing 150 minutes per week or more of leisure-time physical activity. Lack of sidewalks was associated with low levels of walking for leisure. Neighborhood aesthetics was inversely associated with transport-related physical activity. Conclusions: Lack of sidewalks and low access to recreational facilities were predictors of low levels of leisure-time physical activity, suggesting that policy strategies aimed at improving these environmental features may be warranted.
There is now compelling evidence that environmental factors are associated with physical activity at the population level. [1] [2] [3] Both objective measures of the built environment and perceived environment attributes are associated with physical activity. 4, 5 Leisure physical activity may be most affected by access to, and characteristics of, public and private recreation facilities. 6 Transportation physical activity may be most related to proximity and directness of routes from home to destinations (known as "walkability") as well as characteristics of the walking and cycling infrastructure, including sidewalks, bicycle lanes, and trails. 4 However, most of the evidence in this field is derived from high-income countries. 3 External validity of studies on the association between physical activity and environmental factors is of concern, because different environments may lead to different factors being associated with physical activity; this highlights the need for local-level studies.
This study presents the results from a community intervention evaluation conducted as part of project GUIA (Guide for Useful Interventions for Physical Activity in Brazil and Latin America), which aims to examine and promote evidence-based physical activity strategies in Latin America, particularly in Brazil. The first phase of the project included the assessment of the evidence regarding the effectiveness of community-based physical activity interventions in Latin America. 7 The second phase evaluated 2 ongoing interventions in Brazil. In 2007, the project team carried out a phone survey aimed at evaluating the intervention "Academia da Cidade-ACP" ("city gyms"), a program in Recife, a northeast city of the country. 8 We used data from the same survey to evaluate the association of perceived environmental factors with leisure-time and transport-related physical activity.
Methods
A cross-sectional random-digit-dialing telephone survey was carried out in 2007 in Recife, Brazil. Recife is a city located in northeastern Brazil and the fifth largest Metropolitan with a little more than 1.5 million inhabitants. Recife weather is generally warm with a year-round tropical climate, with rain periods. The sample included noninstitutionalized residents of the city aged 16 years or older. We followed the methodology of the Brazilian Chronic Disease Risk Factors Surveillance System for stratifying and clustering the sample. 9 The neighborhoods in the city were divided into strata with and without an ACP site. The survey randomly sampled 2400 households with at least 1 telephone landline from each stratum, generating 12 clusters of 200 telephone numbers each.
Leisure-time and transport-related physical activity were measured using the International Physical Activity Questionnaire (IPAQ) long version. 10 Only activities lasting 10 consecutive minutes or more were considered. The questionnaire was administered by telephone; a validity study showed no differences between the face-to-face and telephone versions of the IPAQ in Brazil. 11 A cutoff point of 150 minutes per week was used to classify subjects as active versus not active according to 3 outcome variables: leisure-time physical activity (walking + moderate-intensity + vigorous-intensity activities), transport-related physical activity (walking + cycling) and walking for leisure. 12, 13 We opted to use only the leisuretime and transport-related sections of the long IPAQ since it has been documented that Latin American adults tend to overestimate their occupational and housework related physical activity using this instrument. 14 The environmental module of the questionnaire was based on the short version of the Neighborhood Environment Walkability Scale (A-NEWS) 15 as well as previous studies in the field of physical activity and the environment. [16] [17] [18] The questionnaire included 12 environmental items. Items with inverse interpretation were reverse coded for analysis so that higher values reflected environmental qualities hypothesized to be conducive to physical activity.
We first analyzed the association between each of the 12 environmental items included in the questionnaire and the 3 physical activity variables. Second, we grouped the environmental items into 5 different categories of perceived environmental exposures based on the similarity of the original items. Categories of these variables were created based on the distribution of the items.
1. Walkability included 2 items: presence of sidewalks and their condition, classified as "there are no sidewalks," "there are sidewalks but the condition is bad," and "there are sidewalks in good condition." 2. Number of recreational facilities within walking distance was based on questions about walking average distance in minutes to different types of recreational facilities (square gardens, parks, trails, gymnasiums, soccer fields, sport courts, beaches, and fitness clubs). We used a cut point of 5 minutes to create a 3-level variable with 0, 1 to 2, and 3 to 8 destinations. 3. Personal safety included the 4 items of neighborhood safety from crime for walking or bicycling during the day and at night, street lighting and number of assaults in the neighborhood. These items were dichotomized (coded as zero and one) and then summed; we then created a numeric score, ranging from 0 (extremely safe) to 4 (extremely unsafe). Neighborhoods were then classified as safe (scores 0 or 1) or unsafe (scores 2, 3, or 4). 4. Traffic safety included the item on the perception of safety to walk or cycle in the neighborhood. This item was classified as no interference from traffic, little interference from traffic and much interference from traffic. 5. Aesthetics was created based on the 2 dichotomous items (coded 1 = no, 2 = yes) of "presence of garbage on the streets" and "sewage availability." These items were summed to create a single score variable ranging from 1 to 4, then neighborhoods were classified as "not pleasant" if at least 1 or more answers were positive and "pleasant" if otherwise.
Covariates included in this analysis were age (divided into 3 categories based on the distribution of the sample; 16-34 years, 35-54 years, or 55 years or older), education level (coded as less than high school, high school, or high school or more), race/skin color (items focusing on respondents' perception of their race or skin color: white, black, light or dark brown, red, or yellow; in all of our analyses, we coded skin color as white vs. others), marital status (divided into married, single, and others). Respondents were classified as having been exposed to ACP if they had participated in the program at the time of the interview or at any time in the past. Otherwise, they were classified as never exposed to the program. Respondents who had heard about or seen a ACP activity and those who lived in a neighborhood with a ACP site were classified as having been exposed to ACP.
In the unadjusted analysis, we tested the association between each of the 12 items and the 3 physical activity outcomes. In the multivariable models, to reduce the number of independent exposures and improve the efficacy of the regression models, we created 5 different categories of perceived environmental exposures. In all regression models, the most "activity-friendly" group was set as the reference category. We weighted the data to compensate for the unequal sampling selection probabilities resulting from factors such as the study design, number of adults in a given household, and the unique telephone numbers in the different study households. Poststratification weighting based on age, gender, and schooling groups was used to partially adjust for nonresponse and low telephone coverage rates. We generated frequencies for covariates, environmental exposures and physical activity outcomes. The proportion of subjects achieving the 150-minutes threshold for each of the 3 outcome variables was compared across subgroups of the environmental exposures. Regression analyses used categories of environmental variables instead of individual items, as described earlier. These analyses were based on 3 models; the first assessed the unadjusted association between physical activity outcomes and environmental exposures; the second assessed this effect after incorporating adjustment for the covariates (sex, age, education level, skin color, marital status, participation in ACP, and having heard about ACP); the third model incorporates further adjustment for the other environmental exposures. The surveymeans and surveylogistics procedures in SAS were used to ensure that all analyses accommodated the weighting and complexity of the sample survey data. In addition, we used diagnostic methods to assess the adequacy of our regression models.
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Results
The sample comprised 2046 subjects out of 3632 eligible respondents, thus resulting in a crude response rate of 56%. The adjusted response rate (ie, number of completed interviews that would have been obtained under perfect conditions) was 64.5%. Table 1 describes the sample in terms of covariates, environmental factors and physical activity outcomes. The sample included more women than men (63% of females). Over 37% of the subjects were aged 35-54 years, 58% had nonwhite skin color, 46% were married and 39% had a high school diploma. Although only 1.9% and 5.4% were current and former participants of ACP respectively, 68% of the respondents reported hearing about it.
Most respondents (86%) reported that sidewalks are present in most streets near their homes, 36% classified the sidewalks as having low quality. More than 41% of the respondents rated the amount of green areas in the neighborhood as small, and 61% reported living in areas with flat terrain. Approximately 10% of the respondents reported to have large amounts of garbage in the neighborhood and 70% reported no sewage availability. One in every four interviewees reported that traffic makes it difficult to walk or cycle in the neighborhood. Half of the respondents reported that all streets near their homes are well lightened, 24% and 61% reported that it is very dangerous to walk in the neighborhood during the day and at night, respectively. Over 40% of the respondents reported that the amount of assaults and crimes in the neighborhood is high. One in every four individuals reported to have at least 3 recreational facilities within a 5-minute walk from their households. The proportions of subjects reaching the 150-minutes per week threshold were 30.6% for leisure-time physical activity, 26.6% for transport-related physical activity and 18.2% for walking for leisure. Table 2 presents these proportions by levels of environmental factors. Except for the relationship between transport physical activity and traffic interference, all other relationships for leisuretime physical activity and leisure-time walking were statistically significant. Leisure-time physical activity tended to be higher among subjects who reported that their neighborhood had sidewalks, a moderate or large amount of green areas, flat terrain, some streets were lightened, and there were many recreational facilities within a 5-minute walk. Presence of desirable environmental factors in the neighborhood such as presence of sidewalk, high quality sidewalks, greater amount of green area, availability of sewage, few open garbage and street lighting were related to lower levels of transport-related physical activity. Conversely, higher levels of transportrelated physical activity were related to neighborhoods with few assaults and perceived to be safe when walking or bicycling during the day or at night. Walking for leisure was positively related to presence and good quality of sidewalks, amount of green areas, flat terrain and street lighting at nights. An inverse association was observed in terms of the amount of assaults and crimes and leisure time physical activity. Table 3 depicts the association between leisure-time physical activity and the categories of environmental factors. In the fully adjusted model lack of sidewalks and low access to recreational facilities within a 5-minute walk were associated with a lower likelihood of performing 150 minutes per week or more of leisure-time physical activity. Access to facilities, personal safety, safety from traffic and aesthetics were not associated with leisuretime physical activity. Table 4 shows the findings for the transport-related physical activity outcome. Aesthetics was the only environmental group associated with this outcome in all 3 models, but the association was in the unexpected direction; subjects who live in unpleasant neighborhoods were more likely to reach 150 minutes per week of transport-related physical activity. Adjustment for confounders attenuated this effect moderately, but it was still statistically significant. The fully adjusted model in Table 5 shows that lack of sidewalks was associated with low levels of walking for leisure. Other environmental factors were not related to this outcome. 
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Discussion
For several years, studies on the determinants of physical activity were focused on personal factors. 20 More recently, studies have investigated the association between environmental factors and physical activity. 5, 21, 22 Because environmental characteristics affect many individuals at the same time, they can have a strong impact on physical activity levels of the population.
In this study we found that 2 environmental variables were associated with leisure-time physical activity: presence of sidewalks in the neighborhood and access to recreational facilities. These findings are consistent with most of the international literature. 22, 23 For example, US data showed the relationship between leisure-time physical activity and presence of sidewalks 24 and access to facilities. 24, 25 A recent multicenter study confirmed the importance of sidewalks for physical activity practice. 22 Also, this study found that most of the environmental factors studied were not statistically associated with physical activity. There are several possible explanations for these results. First, environmental factors included in the questionnaire were derived from studies which are mainly from high-income countries. 20 Thus, we can suggest that developing locally-specific instruments for measuring the association between the perceived environment and physical activity is needed. The lack of exposure heterogeneity could explain our null findings; however this seems unlikely, since our descriptive table shows a high degree of variability in the exposure to environmental variables.
A previous study on personal barriers to physical activity practice also showed that factors reported by Brazilians were different from those reported by people living in high-income countries. 26 It is possible that this is also the case for perceived environmental factors. This may explain why some environmental variables consistently associated with physical activity in high-income countries 1, 2, 12 were not associated with activity levels in this study.
A somewhat unexpected finding in this study was that individuals who perceived their neighborhood as not pleasant (presence of garbage and open sewage) were more likely to practice transport-related physical activities, which was also found previously. 27 Although concluding that an unpleasant neighborhood will be conductive to transport-related physical activity is inaccurate, there is evidence that low socio economic status populations in Latin America are more likely to use walking and bicycling as a means of transportation regardless of the environment conditions. 28, 29 In addition, the majority of low socio economic status populations in Brazil reside in unpleasant neighborhoods with garbage accumulation and no sewage availability. This poverty related confounding cannot be fully accounted by inclu- sion of education and color of the skin level only. Other socioeconomic indicators at individual and community level may be needed. Some methodological limitations of our study should be considered. We did not collect objective information on the built environment, and the study was limited to perceived environment attributes. Future studies in Brazil will benefit of combining perceived and objective built environment variables. Some degree of selection bias may be present, since the data are cross-sectional and telephone landline coverage is not present across Brazil. However, we weighed our analyses to reproduce census characteristics of the city's population. Another important limitation is the lack of data on socioeconomic status, which may be a strong confounder of the associations between perceived environmental factors and physical activity, particularly transport-related activity.
We opted to use a cut-off point of 150 minutes per week for the 3 different outcome variables. Although current recommendations suggest a cut-off point of 150 minutes per week for total physical activity, given that environmental contributions may vary by domain of physical activity, we thought it would be useful to estimate which proportion of adults in our sample would reach the 150-minutes threshold specifically on leisure-time physical activity, transport-related physical activity and walking for leisure. We ran our analyses using different cut-off points and the environmental variables associated with physical activity were consistent.
Some strengths of the study should also be noted. To the best of our knowledge, this is one of the few studies addressing this topic in Latin America. We evaluated both leisure time and transport-related physical activities as separate outcomes. Our relatively large sample allowed us to model the data in several ways. Thus, we were able to identify environment factors that were associated with each of the domains. Physical activity was estimated using the IPAQ, which enables comparison with other studies. In addition, a recent study showed that the phone version of IPAQ in Brazil adequately classify individual's levels of physical activity in comparison with the faceto-face interview approach. 11 In conclusion, lack of sidewalks and low access to facilities were predictors of low levels of leisure-time physical activity. These data, coupled with recent systematic reviews, 6, 30 suggest that policy strategies aimed at improving these environmental features (eg, redesigning streets to promote walkability) are needed to enhance activity levels at the community level.
